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Clinical Efficacy of Radiofrequency Current in the Treatment of
Patients With Atrioventricular Node Reentrant Tachycardia
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LUKAS KAPPENBERGER, MD
Lausanne. Switzerland
Eight women (mean age 41 years, range 24 to 62) with
drug-resisfanl atrioventricular (AV) node reentrant tachy-
cardia underwent radlof equency catheter ablation . Ra-
diofrequency energy was delivered in a unipolar mode with
sun of a bade paddle as the anode placed between The two
-pulse . The total applied energy was 2,233 s 1,919 J .
The AR interval increased from 87 a 13 to 113 ± 17 eras (p
< 0.05) and the PQ interval increased from 141 ± 15 to 169
S 34 ms
(p
< 0.05) . The anterograde Wenekebach cycle
length increased from 30D ;l: 4119 320 x 42 ms
(p
< 0 .05).
Retrograde conduction was abolished in live patients.
Alrloventrieular node tachycardia was still inducible in
three patients.
Alternatives to prophylactic drug therapy of symptomatic
recurrent atrioventricular (AV) node reentrant tachycardia
are implantation of an automatic antitachycardia pacemaker
and AV node modification by surgical intervention or trans-
luminal endocardial ablative techniques (1-5) . The delivery
of high energy direct current (defibrillator) shocks damages
or destroys AV node conduction when directed to the His
bundle area and requires the implantation of a pacemaker
(1,2) . However, Haissaguerre et al . (6) recently reported a
high success rate and a low incidence of heart block when
using this technique in patients with AV node reentrant
tachycardia Radiofrequency current was used recently (7,8)
as an alternative energy source to modify cardiac structures .
Histopathologic studies (9) have shown that the lesions
created with radiofrequency energy are well defined . Kunze
et al
. (10) reported their experience with radiofrequency
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During a follow-up period of 9 * 3 months, four patients
remained clinically asymptemalic without drug therapy
and four patients had recurrent symptoms
. Three
of the
latter responded to previously unsuccessful antlarrhymmk
drugs and the fourth patient underwent surgical cure for
persistence of tachwsrdia- Right bundle branch black
occurred In five patients
; it was permanent in four and
transient in one.
In conclusion, radfofregaeney catheter ablation repra
senls a valuable but still investigational therapy In patients
with drag-refractory AV node reentrant tacbynrdta.
(J Am Con Canister 1990;16c418-23)
modulation of the AV node in three patients
. Our study
describes the short-term results of application of radiofre-
quency energy in eight patients with AV node reentrant
tachycardia .
Methods
Patient Selection. The study group consisted of eight
consecutive women with recurrent, drug-refractory, symp-
tomatic AV node reentrant tachycardia (Table 1). They
ranged in age from 24 to 62 years . The patients were referred
for etectrphysiologic and therapeutic evaluation of episodes
of palpitation or syncope . Seven patients had no structural
heart disease and one had a small ventricular septal defect .
Seven had the common type and one the uncommon type of
AV node reentrant tachycardia .
Eectrophysiologic study. Diagnostic and therapeutic
electrophysiologic studies were performed in two sessions.
For diagnostic evaluation, two bipolar and two quadripolar
catheters were used and positioned in the right atrium, right
ventricle, at the His bundle and in the coronary sinus or left
pulmonary artery if required to exclude retrograde conduc-
tion through an accessory pathway during tachycardia .
Blood pressure was monitored in three patients with a
femoral artery catheter and in five with a brachial pressure
0735-1097170/53.50
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Table 1. Clinical Characteristics of the Eight Patients
C = common type of atrioventricular node reentrant tachycardia : D =
dizziness ;
F =
female:
P = palpimtion : Pt
. = patient
: S = sy.Ope: U =
uncommon type of atdovenWcular node reentrant iachycard :e : VSD =
ventricular septa) de&ct.
cuff. Catheter ablation was offered to the patient only after a
history of three clinically ineffective antiarrhythmic drug
trials
.
Before application of radiofrequency current, the electro-
physiologic study was repeated
. All antiarrhythmic drugs
were discontinued for at least five half-lives and patients
were studied in the postabsorptive state . When required .
sedation with intravenous diazepam was used . After local
anesthesia, three multipolar electrodes (6F. USCI) with an
interelectrode distance of 5 to 10 mm were inserted through
the femoral vein and positioned under fluoroscopic guidance
in the high right atrium, right ventricle and at the His bundle .
Intracavitary electrograms were recorded on a Mingograf
182 (Siemens Eternal at a paper speed of 100 mm/s
. During
normal sinus rhythm, programmed stimulation of the right
atrium and right ventricle was performed . Whether or not
nodal reentrant tachycardia was induced, the stimulation
protocol included delivery of one extrastimulus (SI ) scan-
ning diastole in decrements of 20 and 10 ms during sinus
rhythm and during a basic drive train of eight beats at a cycle
length of 600 and 400 ms (S,). Incremental atria) and ven-
tricular pacing was performed until block in anterograde or
retrograde conduction was observed . The intracardiac elec-
trograms were filtered at 40 to 500 Hz and simultaneously
displayed with four surface electrocardiographic (ECG)
leads on the oscilloscope . Recordings were made of the
surface ECG and bipolar intracardiac electrograms from the
high right atrium, His bundle and right ventricular apex .
Ablation therapy was performed only after informed consent
had been obtained . The procedure was approved by the
institutional ethical committee .
Definitions, AV node reentrant tachycardia was consid-
ered to be
present if 1) a sudden increase in the AH interval
occurred during premature stimulation or incremental pac-
ing; 2) the atria) activation sequence showed earliest retro-
grade activation of the low intemtrial septum : 3) there was a
progressive increase in the ventriculoatrial (VA) interval
during incremental ventricular pacing
; and 4) the earliest
GUY ET AL .
	
419
RADiOFREQUENCY CURRENT IN
AV TACHVCARDIA
retrograde atria) activity occurred <60 ms after ventricular
depolarization
. For accurate mapping. deeremental pro-
grammed ventricular extrastimuli were delivered to dissoci-
ate ventricular from atria) electrograms during tachycardia .
In the patient with the unusualfarm ofAVnode reentrant
tachycardia, the diagnosis was based on I) no atral pre-
excitation by ventricular stimuli induced during inscription
of the His bundle deflection during tachycardia, and 2)
absence of earliest retrograde activation at the coronary
sinus ostium during AV node reentrant tachycardia .
Applieatim of
radiofrequency, energy. At the onset of the
procedure, 5,000 U of heparin was administered . In applying
radiofrequency energy, this protocol was followed : I) bipo-
lar recordingof the largest His bundle deflection during sinus
rhythm
: 2) withdrawal of the recording catheter to obtain the
largest A wave deflection with a simultaneous small His
bundle potential (<O.I mV); 3) induction of AV node reen-
trant tachycardia by atrial extrastimuli ; 4) reconfirmation of
an unchanged atrial potential and His bundle deflection ; and
5) assurance of stable catheter positions throughout the
procedure by fluoroscopic control and continuous monitor-
ing of the intracardiac signals .
Multiple npptirarinns of radiofrequency energy were per-
fanned
during sustained AV node reentrant tachycardia
.
The radiofrequency generator used was a HAT 100 device
(Dr. Osypka
. Lorrach, Federal Republic of Germany),
which can deliver high frequency current in incremental
steps from 0 to 50 W, with an automatic switch-off when the
tissue impedance reaches a critical value during the cocgu-
lation procedure. The current was delivered between the
distal pole of an electrode and a back paddle positioned
between the scapulae . The duration of each energy applica-
tion varied from 5 to 30 s and induction of the tachycardia
was attempted between each application . Three to 18 appli-
cations of radiofrequency energy were administered at 2 to
IS min intervals
.
The end point of the procedure was empirically deter
mined as noninducibility of the tachycardia . The time alloted
for the ablation procedure was 3 h ; after this time, if
tachycardia was still inducible, the intervention was consid-
ered to be a failure and drug therapy was instituted if clinical
arrhythmia recurred
. Lack of tachycardia induction by su-
praventricular stimuli 20 min after application of radiofre-
quency energy was considered indicative of a success.
Persistence of a dual AV pathway and retrograde conduction
was not considered a failure of treatment . Seven patients
described slight chest pain during energy application
. For
the next 24 h, ECG rhythm and serum creatine kinase level
were monitored . The procedure had no side effects in any
patient
. except for conduction modifications
. All were dis-
charged without pacemaker implantation, even in the pres-
ence of right bundle branch block .
PI, No.
Age lyrlf
Gender symptom Arrhythmia
Cardiac
Disease
I 241F P C
411F P, D
C
3 471F S C
4 241F P C VSD
5 621F P. D C
6
591F P, D U -
7 2617 P C
8 461F P C
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Table 2 . Electrophysiologic Characteristics Before and After Application of Radiofrequency Energy in Eight Patients
All values-
in ms. A = after, B
= before; C =
complication: CL = cycle length ofthe tachycardia; E= energy
Ill: F.U
=futlow.up (months): Pt. = patient:
R = results: RBBB = right bundle branch block ; SCL = sinus cycle length : T = transient : VAT = ventriculeatrial conduction lime during AV node reentrant
tachycardia; WCLA = anlerogmde Wenckebach cycle length : WCLR = retrograde Wenckebach cycle length ; + = asymplomatic without drug treatment ;
+(D) = asymptomatic with drug therapy .
Statistical analysis. A student's r test for a paired sample
was done . A p value <0.05 was considered to be significant.
The results are reported as mean values ± SD .
Results
Immediate results (Table 2) . The low power cumulative
radiofrequency energy applied ranged from 255 to 5,060 i
(mean 2,233 ± 1,919) . Tachycardia was still inducible in
three patients with a mean cycle length slightly increased
over pretreatment values (386 versus 356 ms) . In these three
patients, the VA conduction time during tachycardia in-
creased from 125 ± 169 to 133 ± 170 ms (p = NS) . The AH
interval increased in all patients from 87 ± 13 to 113 ± 17 ms
(p < 0
.001) and the PQ interval from 141 ± 15 to 169 ± 34 ms
(p < 0.05) (Fig. I and 2). No modification of the HV interval
was noted; however, QRS duration increased from 77 ± 8 to
107 ± 18 ms (p = 0 .004) because of the occurrence of right
bundle branch block in five patients . The anterograde
Wenckebach cycle length was also significantly modified
from 300 ± 41 to 320 ± 42 ms (p = 0 .03). The right bundle
branch block was permanent in four patients and transient in
one. No significant serum creatine kinase elevation was
noted in any patient (76 ± 36 Ulliter, normal <190 Ulliter)
.
The procedure was without any other side effects .
Modification of AV node duality . Duality of AV conduc-
tion was present in all patients before the ablation proce-
dure, The anterograde tomb of the reentrant circuit was the
slow pathway in seven patients and the fast pathway in one .
Discontinuation of A IA2 and HI H2 was present in all pa-
tients at the diagnostic electrophysiologic study . The dual
AV node physiology persisted in three patients after the
procedure and was suppressed in five patients (Fig . 3) . Of
the three patients without modification of AV node duality,
two had prolonged VA conduction time during tachycardia,
suggesting modification of the fast retrograde pathway.
Follow-up. All patients, including those with inducible
tachycardia, were discharged without drug therapy . During a
mean follow-up period of 9 ± 3 months, four of the eight
patients had new episodes of tachycardia necessitating in-
troduction of antiarrhythmic treatment . In three of these
patients, the tachycardia episodes then responded to previ-
ously ineffective drugs (flecainide in two and atenolol in
one) . In the fourth patient, who was resistant to drug
therapy, surgical skeletization of the AV node was success-
fully performed at our institution . During the operating
procedure, the scar resulting from radiofrequency catheter
ablation was visible (Fig . 4) and consisted of I em2 of fibrotic
tissue close to the AV node. Four patients are asymptomatic
without adjunctive drug treatment. No electrophysiologic
testing was performed during the follow-up period.
Discussion
Symptomatic patients with AV node reentrant tachycar-
dia can usually be successfully treated with antiarrhythmic
drugs . In drug-refractory patients, an antitachycardia pace-
maker and catheter ablation of AV conduction are other
therapeutic options, but in the latter, pacemaker implanta-
tion may be required (I) . Application of radiofrequency
energy is an attractive alternative because the thermal lesion
produced by this method is well delineated, allowing more
precise tissue destruction than is possible with direct current
shock ablation (8). Kunze et al . (10) reported a high success
rate when modifying AV conduction with this technique .
Efficacy. Our results are encouraging because seven of
our eight patients were successfully treated with this
method, although in three patients antiarrhythmic drugs had
pl.
AH HV PQ QRS WCLA WCLR CL VAT
F-U
No. B A B A B A B A B A B A B A B A B A E C R (mo .)
I 880 770 115 130 35 35 150 165 80 120 340 - 330 340 410 420 40 40 1 .145 RBBB +(D) 14
2 750 650 85 115 40 40 160 190 70 120 240 250 250 >509 300 - 0 - 305 RBBB(T)
+
11
3 600 610 80 105 40 40 140 160 80 130 290 330 270 450 320 - 45 - 255 RBBB +0 12
4 790 590 90 125 45 40 140 170 80 80 350 360 650 Block 380 - 60 - 1 .085 - - 8
5 780 640 90 140 40 45 140 240 80 80 350 - 300 Block 400 - 50 - 1,095 - + 7
6 820 840 75 100 40 40 160 160 90 110 272 340 340 360 410 430 320 330 4,575 RBBB + 6
7 670 710 75 100 45 45 120 170 65 110 280 350 350 >700 370 - 35 - 5 .060 RBBB
+
7
8 680 560 85 90 35 40 120 130 70 110 280 290 250 255 250 310 15 30 1 .875 - +(D) 8
Mean
87 113 40 41 141 169 77 107 300 320 355 386 77 133 2
.233
SOD ±13
±17
±4 ±3 ±15
±34 ±8
±18 ±41 ±42 ±58 ±66 ±99 ±170 ±1,919
p value 0
.0008 NS 0 .04 0.004 0 .03
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Figure 1 . A. Normal AH interval (80 ms) before application of
radiofrequency energy . B . Prolonged AH interval (140 ms) after
application of radiofrequency energy .
to be added during the follow-up period. The purpose of
radiofrequency therapy is to intern-,.the retrograde limb of
the reentrant circuit without modifying anterograde AV
conduction. The positioning of the ablation electrode is of
major importance. In accordance with Haissagucrre et al .
(6),
who used direct current shock ablation, we delivered the
radiofrequency energy to the electrode with the smallest His
bundle deflection and the greatest atria) deflection
. We have
seen that the therapeutic effect in our patients correlated
with modifications of anterograde AV conduction as demon-
strated by AH interval prolongation .
We conclude that the beneficial therapeutic effect ob-
served in seven of our eight patients was due to modifica-
COY ET AL.
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Figure 2 . Baseline 12 lead electrocardiogram before
(A) and after
(B) radiofrequency catheter ablation . showing prolongation of the
PQ interval after the procedure .
Lions of antergrade and retrograde conduction properties of
the reentrant circuit
. The persistent inducibility of tachycarv
dia was not correlated with long-term failure and, con-
versely, in the only patient who had to be operated on, the
arrhythmia was not inducible after application of radiofre-
Figure 3. Atrioventricular (AVI node function curve in a patient
before
(plus *m) and after (elneed squares) radiofrequency (RF)
catheter ablation, showing the loss of AV node duality after the
procedure. Intervals are expressed in milliseconds .
550
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Figure 4. Intmoperative view of the atrioventricular (AV) region
from the patient operated on for recurrence of tachycardia. A O =
aorta; I = cannula in the coronary sinus; 2 = scar from radiofre-
quency ablation; 3 = region of the AV node .
quency energy. Inducibility of AV node reentrant tachycar-
dia as a procedural end point seems to have limited clinical
value. In the patient who was operated on, the scar was
clearly visible, but the lesion did not permanently prevent
AV conduction . The AV node was 3 mm distant from the
border of the scar. The immediate beneficial effect may have
been due to edema in this region .
Technical limitations. The stability of the catheter is of
major importance to ensure good tissue contact and allow
energy delivery to the correct site . This is the major problem
of the technique and makes the procedure time consuming.
Improvement of the ablating catheters is mandatory . New
devices with temperature control at the tip of the electrode
may allow better control of the amount of energy delivered
and avoid carbonization
of tissue on the tip of the electrode.
More precise ablation should therefore be achievable .
Adverse effects
. We were able to suppress retrograde
conduction infive patients, but because the amount of
energy delivered had to be increased to obtain this therapeu-
fic effect, right bundle branch block occurred in all five
patients ; it was permanent in four and transient in one
.
Although Kunze et al. (10) did not consider this conduction
abnormality a side effect, we think that it should be consid-
ered as an adverse effect because the long-term evolution of
this conduction abnormality is not known . Right bundle
JACC V.I . It,, No . 2
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branch block may progress to a more extensive conduction
abnormality and lead to high degree AV block.
Other reports of AV node modification, Recently, Epstein
et al . (I1) reported their experience with perinodal direct
current shocks in nine patients with AV node tachycardia . In
six of their patients, the arrhythmia was suppressed by the
application of direct current shocks alone, a finding that is
very similar to our results. However, radiofrequency cathe-
ter ablation is less traumatic for the myocardium, is easier to
repeat and does not require general anesthesia. Haissaguerre
et al . (6) reported clinical success in 16 (76%) of their 24
patients with AV node reentrant tachycardia . After the
procedure, retrograde conduction was suppressed in all of
their patients, but resumed in three during the follow-up
period . They noted that noninducibility of tachycardia cor-
related with the elimination of retrograde conduction. This is
in accordance with our results because retrograde conduc-
tion was still present in our three patients with persistent
inducibility of
tachyeardia. It therefore seems reasonable to
accept suppression of retrograde conduction as an end point
of
the ablative procedure . The energy was delivered, as in
our study, if the His bundle electrogram was <0 .1 mV . In
the study of Epstein et al. (11), the energy was delivered
more proximally in a zone without a His bundle deflection .
Haissaguerre et al. (6) used a different catheter position,
which may explain the persistence of complete AV block in
two of their patients . (6). Although we used the same
position to apply the energy, this complicatior, did not occur
in our patients.
Conclusions . This report demonstrates that radiofre-
quency energy can be applied to treat drug-refractory AV
node reentrant tachycardia. This technique seems preferable
to direct current shock ablation because modulation of AV
conduction is possible without AV heart block. The occur-
rence of right bundle branch block remains the major limi-
tation of the method because the long-term course of this
conduction disturbance in this setting is not known . Careful
follow-up evaluation of these patients is required to gain
more information concerning this relevant question .
We thank David Cunningham, PhD for help in milling the manuscript
.
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